Background/Objective: The objective of this study is to compare the growth and physical fitness of normal, stunted and overweight/obese (owt/ob) Oaxaca children 6-13 years. Subjects/Methods: This study was a cross-sectional, included 688 school children (grades 1-3, 4-6), aged 6-13 years, from an indigenous rural community (n ¼ 361) and colonia popular (n ¼ 327) in Oaxaca, southern Mexico. Measurements: Anthropometry-weight, height, sitting height, limb circumferences, skinfolds. Derived-body mass index, sitting height/ height ratio, leg and step lengths, limb muscle areas, sum of skinfolds. Physical fitness-sit and reach, sit-ups, distance run, grip strength, standing long jump, 35 yard dash. Physical activity-steps to and from school, household chores, sports participation. Analysis: Normal-not stunted, not owt/ob; stunted-not owt/ob; and owt/ob-not stunted were compared with multivariate analysis of covariance controlling for age. Two children were stunted and owt/ob, and were excluded. Results: Age-adjusted means for body size, muscularity, adiposity and grip strength showed a gradient, owt/ob4normal4 stunted in both sexes and grade levels (Po0.001). Relative position of stunted and owt/ob children was reversed for strength per unit mass. Stunted and normal children ran a greater distance than owt/ob children (Po0.05). Normal, stunted and owt/ob children did not differ consistently in other fitness items and indicators of activity and inactivity. Conclusion: Size, muscularity, fatness and strength differed significantly, owt/ob4normal4stunted, but owt/ob children had less strength per unit mass and poorer endurance. Normal and stunted children did not differ consistently in fitness. Physical activity and television time did not differ among the three groups.
Introduction
A shift from high prevalence of chronic undernutrition and associated infectious/diarrheal diseases to high prevalence of chronic diseases associated with dietary change and reduced physical activity and increased overweight/obesity (owt/ob) is characteristic of the nutritional transition (Popkin, 1994) . It is suggested that overweight is more common among stunted children in several countries in the transition (Popkin et al., 1996; Hoffman et al., 2000) .
Concurrent stunting and owt/ob were about twice as common in indigenous compared with non-indigenous preschool children in Mexico (Fernald and Neufeld, 2007) , but was not common in indigenous school age children in Chihuahua and Oaxaca in 2007 . Nevertheless, growth stunting often persists while overweight and/or obesity increase in Latin American and other countries experiencing the nutritional transition (Rivera et al., 2004) .
Growth stunting is an outcome of linear growth retardation associated with chronic undernutrition during the preschool years. Children undernourished early in life are smaller, have reduced muscle mass and are deficient in muscular strength and aerobic fitness compared with better nourished peers (Malina et al., , 2004 Benefice, 1998) . Chronic undernutrition is also associated with reduced physical activity at school age (Reina and Spurr, 1984; Spurr, 1990; Dufour, 1997) . Overweight and obesity are a consequence of an imbalance between energy intake and expenditure. Obese children tend to have deficient movement skills (Graf et al., 2004; Okely et al., 2004) and physical fitness compared with normal weight children (Beunen et al., 1983; Malina et al., 1995; Malina, 2001; Bovet et al., 2007; Malina, 2007, 2010) , whereas the evidence on physical activity in owt/ob youth is equivocal (Malina, 2001; Malina et al., 2004) .
Observations on the functional consequences of undernutrition are derived from children in developing countries, whereas corresponding data for owt/ob are derived primarily from children in developed countries. Functional consequences of undernutrition and obesity are often viewed in terms of physical working capacity/oxygen consumption (Spurr, 1983 (Spurr, , 1990 Bar-Or and Rowland, 2004; Malina et al., 2004) . However, the term functional has broader meaning beyond working capacity for children, and can be extended to daily activities that require movement proficiency, strength, power and endurance.
This study considers the consequences of undernutrition and owt/ob for the physical fitness of Mexican children 6-13 years of age. It specifically compares the growth status and physical fitness of normal (non-stunted, non-owt/ob), stunted (non-overweight/obese) and owt/ob (non-stunted) Oaxaca school children.
Subjects and methods
Participants were school children from two communities in the valley of Oaxaca in southern Mexico: a rural indigenous community about 25 km northwest of the capitol city, Oaxaca de Juarez, and a colonia popular south and west of the capitol. The population of the colonia was derived largely of migrants from rural indigenous areas of the state. The communities and growth status and physical fitness of the children have been previously described (Peña-Reyes et al., 2003a, b; Malina et al., 2008a Malina et al., , b, 2009 ). An index of nutritional risk based on national data for infant and preschool mortality, growth stunting at school entry, living conditions, education and literacy, and population characteristics in 2000 classified the rural community at high risk; data specific to the colonia were not available, but an adjacent community was classified at moderate risk (Roldan et al., 2004) .
The project was approved by the university committee for research involving human subjects at Michigan State University. After initial contacts with the community, permission was granted by the respective community and school officials. Parents granted permission for school children. Self-assent was obtained from children 10 þ years.
Children in attendance in grades 1-6 were measured in late 1999 and early 2000. The sample included 361 rural and 327 colonia children 6-13 years. Chronological age was based on date of measurement and birth date obtained from school records.
Anthropometry
Weight, height, sitting height, arm and calf circumferences, and the triceps, subscapular, suprailiac and medial calf skinfolds were measured (Peña- Reyes et al., 2003a) . All measurements were taken by a single experienced individual. Technical errors of measurement based on replicate measures (n ¼ 36) compared favorably with corresponding intra-and inter-observer technical errors in previous studies and surveys in the United States (Malina, 1995) . The body mass index (BMI), sitting height/standing height ratio (relative proportions), estimated leg length (height minus sitting height), estimated arm and calf muscle areas, and sum of the four skinfolds were calculated.
Physical fitness
The physical fitness of children and youth was traditionally viewed in terms of muscular strength and endurance, cardiovascular endurance and motor ability (Clarke, 1971) . The concept, however, has evolved from a primary strength and motor performance focus in children to a health-related focus in the late 1970s, so that a distinction was made between health-and performance-related fitness (Malina, 1991; Malina and Katzmarzyk, 2006) , and has more recently evolved to include morphological and metabolic indicators of fitness (Bouchard and Shephard, 1994) .
Six measures of health-and performance-related physical fitness were used in this study. The three indicators of health-related fitness were: cardiorespiratory endurancedistance run (m) in 8 min (grades 1-3) and in 12 min (grades 4-6), lower back/upper thigh flexibility-sit and reach (cm), and abdominal muscular strength and endurance-number of sit-ups in 30 s. The three indicators of performance-related fitness included: static strength-sum of right and left grip strength (kg) using an adjustable dynamometer (Stoelting), running speed-35 yard dash (B32 m, s) and explosive power-standing long jump (cm, reported in m). Details of testing and reliability were previously reported (Peña- Reyes et al., 2003b) . Grip strength was also expressed per unit body weight.
Physical activity
Two indicators of physical activity were estimated: steps to and from school and intensity of household chores. Distance walked from home to school was estimated from household addresses and a map of each community (scale 40 m).
Step length (m) was estimated as leg length Â 0.85 (Malina et al., 2008c) . Distance from home to school (m) divided by step length (m) approximated the number of steps from home to school, which was doubled to estimate the daily round trip. Public transportation was not available in the rural commu-nity and was sporadic in the colonia; however, there was no bus service close to the school in the colonia. All rural children walked to and from school, whereas field observations indicated that virtually all of the colonia children also walked to and from school.
Information on household activities (chores) before and after school on weekdays and on weekend days, time viewing television (h/day) and sport participation (yes/no) was based on a questionnaire for children in grades 4-6. Children are expected to contribute to the function of a household, the social unit dwelling under the same roof or in a common area and often including an extended family. The questionnaire permitted children to indicate all activities before and after school on the previous day for week days and on weekend days. All responses were checked on site by one of the field investigators (MEPR) and clarified by interview if necessary. Activities were classified by estimated intensity (Benefice, 1993; Ainsworth et al., 2000) . On the basis of field observations, youth spent about 2 h/day or B15 h/week in chores. An estimate of the metabolic intensities of chores was expressed as metabolic equivalent per B2 h/day (Malina et al., 2008c) .
Growth and weight status. Children were classified as stunted (z-score below À2.00) and non-stunted using age-and sexspecific reference heights of United States children (Kuczmarski et al., 2000) , and as normal weight, owt/ob using international criteria for BMI (Cole et al., 2000) . Three groups were formed: normal-not stunted and not owt/ob; stunted-not owt/ob; and owt/ob-not stunted. Only 2% of children were obese and 10% were overweight; the samples were combined into a single group (owt/ob). Two children were stunted and overweight, one girl (10.2 years) and one boy (9.1 years); they were excluded from the analysis.
Numbers of children in the three groups were as follows: normal-455 (66%), stunted-152 (22%) and owt/ob-79 (12%). Colonia and rural samples in grades 1-3 did not differ in the distributions of normal (w 2 ¼ 0.31, P ¼ 0.58), stunted (w 2 ¼ 1.92, P ¼ 0.16) and owt/ob (w 2 ¼ 1.43, P ¼ 0.23). Distributions of normal (w 2 ¼ 0.09, P ¼ 0.77) and stunted (w 2 ¼ 1.51, P ¼ 0.22) children also did not differ between colonia and rural samples in grades 4-6, but proportionally more colonia children were owt/ob (w 2 ¼ 4.81, P ¼ 0.03).
Correcting for continuity because of the small samples, the difference was of borderline significance (w 2 ¼ 3.57, P ¼ 0.06).
Colonia and rural samples were thus combined.
Analysis
Sex-specific multivariate analysis of covariance, controlling for age and age squared, was used to compare anthropometric characteristics, physical fitness and round trip steps to school of normal, stunted and owt/ob children in grade 1-3 and 4-6, respectively, and to compare physical activity (intensity of chores) and inactivity (television time) among groups in grades 4-6. Bonferroni adjustments for multiple comparisons were used. An adjusted significance level of Po0.05 was accepted. A w 2 -was used to compare sport participation among the three groups within sex.
Results
Anthropometric characteristics of normal, stunted and owt/ob children in grades 1-3 and 4-6 are summarized in Tables 1 and 2 , respectively. Results are similar in boys and girls of both grade levels. Age-adjusted means show a gradient for all variables except the sitting height ratio: owt/ob4normal4stunted. In addition to being shorter, stunted children of both sexes are significantly lighter and have a lower BMI, shorter segment lengths and estimated step length, less arm and calf musculature and thinner skinfolds. Owt/ob and normal children in grades 1-3 do not differ in height. Sitting height is significantly greater in owt/ob than normal boys in grades 1-3 and boys and girls in grades 4-6, but does not differ between owt/ob and normal girls in grades 1-3. Estimated leg length and step length do differ significantly between owt/ob and normal boys in grades 4-6, but not between owt/ob and normal children of both sexes in grades 1-3 and in girls in grades 4-6. Owt/ob and normal children, however, have significantly longer leg and step lengths than stunted children. The sitting height ratio, on the other hand, shows a sex difference. It is significantly higher in stunted (proportionally shorter legs) compared with owt/ob girls at both grade levels, but does not differ between owt/ob and normal girls. Owt/ob and stunted boys do not differ in the sitting height ratio, but the ratio is significantly higher than in normal boys. Estimated muscularity (arm and calf muscle areas) and subcutaneous fatness differ significantly among groups, owt/ob4normal4 stunted, in both sexes and grade groups.
Physical fitness and daily round trip steps to school of children in grades 1-3 are summarized in Table 3 . Only grip strength differs among normal, stunted and owt/ob boys and girls. Stunted children of both sexes have less grip strength. Owt/ob and normal boys do not differ significantly, but owt/ ob girls are significantly stronger than normal girls. Strength per unit body weight, on the other hand, is significantly lower in owt/ob boys and girls compared with normal and stunted children who do not differ. Owt/ob boys cover significantly less distance in 8 min than stunted and normal boys who do not differ, whereas stunted girls jump a significantly shorter distance than normal and owt/ob girls who do not differ. The same trend is apparent for the jump in boys but the difference is of borderline significance (P ¼ 0.07). The remaining fitness items and steps to school do not differ among the three groups in each sex.
Physical fitness, steps to school, intensity of household chores, television time and sport participation of children in grades 4-6 are shown in Table 4 . Grip strength differs significantly among the three groups in both sexes, owt/ob4normal4stunted. Per unit body mass, strength does not differ between stunted and normal boys and girls, but is significantly greater compared with owt/ob boys and girls, respectively. The same trend is evident in the distance run. The distance covered in 12 min does not differ between stunted and normal boys and girls, respectively, but both groups cover a significantly greater distance than owt/ob boys and girls, respectively. Only one other fitness item differs among the three groups of boys and no other fitness tests differ among normal, stunted and owt/ob girls. Normal and stunted boys have significantly greater flexibility than owt/ob boys. Steps to school, intensity of chores, television time and percentages of children reporting sport participation do not differ among normal, stunted and owt/ob boys and girls, respectively.
Discussion
The consequences of growth stunting and owt/ob for indicators of physical fitness in children and youth have been considered, respectively, in developing (Benefice, 1998; Fellmann et al., 1998; Henneberg et al., 1998; Prista, 1998; Monyeki et al., 2005) and developed (Beunen et al., 1983; Malina et al., 1995; Bovet et al., 2007; Malina, 2007, 2010) countries. This study is perhaps one of the first to compare the physical fitness of stunted, normal and owt/ob children living under marginal conditions in Mexico.
The rural and colonia communities were at high and moderate nutritional risk in 2000, respectively (Roldan et al., 2004) . Growth stunting and owt/ob were not related in the sample. Overall, 2% of children were obese and 10% were overweight, and 22% were stunted; there was no sex difference in the prevalence of obesity, overweight and stunting. A statewide sample of indigenous school children 6-14 years in Oaxaca in 2007 (n ¼ 11 454) indicated similar percentages of obese (2%) and overweight (11%), but a higher prevalence of stunting (40%); in addition, 4% of children were stunted and overweight, and o1% were stunted and obese (Peña Reyes et al., 2010) . 
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Within the two grade groups and both sexes, age-adjusted means for body size, estimated muscularity, subcutaneous fatness and grip strength had the following gradient, owt/ob4normal4stunted. The relative position of stunted and owt/ob children was reversed when grip strength was expressed per unit body mass, but relative strength did not differ between stunted and normal children. Similar results were noted among normal, wasted and stunted Mozambican children 8-15 years, but specifics of post hoc comparisons were not indicated (Prista, 1998) .
The results for grip strength emphasized the consequences of reduced body size and muscle mass (estimated arm and calf muscle areas) associated with growth stunting early in life. Stunted children were, on average, deficient in muscle tissue needed to generate force. Per unit body mass, differences between normal and stunted children were not apparent, but both groups showed more strength per unit mass compared with owt/ob children. The comparisons of stunted and normal children were similar to observations on working capacity in Colombian boys differing in nutritional status. Undernourished boys had reduced absolute maximal oxygen uptake, but per unit body mass, oxygen uptakes were similar in undernourished and adequately nourished boys (Spurr, 1983 (Spurr, , 1990 Spurr et al., 1991) . Overweight and obese boys were not included in the Colombia study, but comparisons of obese and normal weight youth indicated lower absolute and relative maximal oxygen uptakes and reduced endurance time in the former (Bar-Or and Rowland, 2004) .
Undernourished Colombian boys were also characterized by lower levels of aerobic fitness (maximal oxygen uptake) compared with adequately nourished boys (Spurr, 1983; Spurr et al., 1991) . In contrast, stunted and normal boys and girls did not differ in the distance covered in 8 and 12 min runs, respectively (Tables 3 and 4) . The results may reflect the different test modalities, that is, laboratory assessment of maximal oxygen uptake versus a timed distance run. Distance runs, of course, are widely used indicators of cardiorespiratory fitness in field studies (Malina and Katzmarzyk, 2006) . Results for Oaxaca children were Normal, n ¼ 110, and overweight/obese-non-stunted, n ¼ 26, for arm muscle area and sum of skinfolds.
consistent with times for a 1600 m run among normal, wasted and stunted Mozambican youth 8-15 years, but normal children performed better than wasted and stunted children on a 2400 m run (Prista, 1998) . Stunted and normal boys and girls ran a greater distance than owt/ob peers (although not significantly in grades 1-3). The better distance run performances of normal and stunted children compared with owt/ob children were generally consistent with a comparison of normal and owt/ob children on an endurance shuttle run (Bovet et al., 2007) and in comparisons of 800 and 1600 m run times among Taiwanese youth grouped by BMI (Huang and Malina, 2010) .
In contrast to grip strength and distance run, normal, stunted and owt/ob Oaxaca children did not differ in the other fitness tests with two exceptions. Stunted children in grades 1-3 performed poorer than normal and owt/ob on the standing long jump (the difference was of borderline significance in boys, Table 3 ). Although reduced body size and muscle mass influence jumping performance, later maturation of the jumping pattern may be a factor. Fundamental movement patterns (run, kick, throw, hop, skip and so on) are generally mature by about 6-8 years in healthy children, but that for the standing long jump reaches mature form later, about 9-10 years (Seefeldt and Haubenstricker, 1982) . Later maturation and perhaps developmental delay of motor coordination with early undernutrition may be additional factors in poorer jumping performances of Oaxaca compared with better nourished children (Malina, 1984 (Malina, , 1986 Malina et al., 2004) .
The second exception was the sit and reach test of flexibility. Owt/ob boys in grades 4-6 had reduced lower back and upper thigh flexibility compared with normal and stunted boys. Normal and stunted boys and girls did not differ in flexibility (Tables 3 and 4) , consistent with observations among normal, wasted and stunted Mozambican children 8-15 years (Prista, 1998) .
Though not significant, estimated steps to school were, on average, greater in stunted compared with normal and owt/ob children except in grade 1-3 boys (Tables 3 and 4 ). The trend probably reflected absolutely shorter estimated leg and step lengths of stunted children. To cover the same distance as normal and owt/ob children, stunted children need more steps. Stunting, overweight and fitness of children RM Malina et al
The three groups of 4-6th grade children did not differ in estimated intensity of daily household chores, sport participation and television viewing. More specific information on leisure time physical activity was not available. Comparable information on physical activity in Mexican youth is limited. Low income youth in Mexico City (12.5 ± 1.3 years) spent 1.7 ± 1.1 h/day in moderate-to-vigorous physical activity, 2.5±1.7 h/day viewing television and 1.3±1.4 h/day viewing videos/playing video games (Hernandez et al., 1999) . Owt/ob and normal weight children were not compared, but risk of obesity increased with television time (Hernandez et al., 1999) . In another sample of low income youth in Mexico City (10.9 ± 0.9 years), television time was slightly greater in owt/ob (3.4 ± 2.5 h/day) compared with normal weight (3.0 ± 2.3 h/day) youth, but daily physical activity scores did not differ between the owt/ob (2.8±0.6) and normal weight (2.7±0.7) youth (Siegel et al., 2011) .Time viewing television among Mexico City low income youth was, on average, higher than in Oaxaca children who were of considerably lower socioeconomic circumstances. Video games were not generally available in the rural community and colonia, so that total daily screen time (physical inactivity) was greater in Mexico City compared with Oaxaca youth.
The study of Oaxaca children has several limitations. Rural and colonia samples were combined since small sample sizes did not permit community-specific analyses. Subtle differences in urban and rural lifestyles may influence measures of fitness and activity. The prevalence of obesity in the sample Television viewing, stunted (n ¼ 30). f Normal (n ¼ 110) and overweight/obese-non-stunted (n ¼ 26) for sit-ups and distance run. g Round trip steps to school, normal (n ¼ 109), overweight/obese-non-stunted (n ¼ 26). h Chores, normal (n ¼ 109), stunted, non-overweight (n ¼ 32).
was low (2%) so that the majority of the owt/ob sample in both sexes was overweight. Care in drawing inferences relative to obese children in other samples is thus warranted. Finally, a more direct estimate of habitual physical activity was not available; nevertheless, the results provide insights into the energy demands of daily household chores for school age children, which are superimposed on the demands of transport to school, physical education, play and other childhood activities. On the positive side, the present study is perhaps one of the first to compare the physical fitness of stunted, normal and owt/ob children living under marginal conditions in Mexico.
In summary, age-adjusted means for body size, estimated muscularity, subcutaneous fatness and grip strength showed the following gradient, owt/ob4normal4stunted among children of both sexes and grade levels. The relative position of the stunted and owt/ob was reversed for strength per unit mass. Stunted and normal children covered a greater distance in a timed run than owt/ob children. Normal, stunted and owt/ob children did not differ consistently in other fitness items, steps to school, intensity of household chores, television viewing and sport participation.
Although discussions of the functional consequences of nutritional status often focus on implications for working capacity and economic productivity, it is important to realize that children of school age are not miniature adults. They are children with the needs of children so that the notion of functional efficiency or consequences must be extended to measures that are more related to their daily activitiesschool, play and other culture-specific demands. Motor performance as in runs and jumps, muscular strength and endurance are central to the physical activities of children be they in school, at play or sport, or in household chores.
